Results. There were significant differences in the incidence and age-adjusted site-specific relative nsk of cancers between American-Samoans, Hawaiians, and Anglos (non-Hispanic whites). In Hawaii, American-Samoans diagnosed with cancer compared with Hawaiians had a higher age-adjusted site-specific relative risk for cancers of the nasopharynx (especially males), liver, prostate, thyroid, and blood (especially females) and a lower relative risk for cancers of the colon, rectum (especially males), lung (especially females) and breast Furthermore, compared with Anglos diagnosed with cancer in Hawaii, American-Samoans had a higher relative risk for cancers of the nasopharynx (especially males), stomach, liver, lung (especially males), corpus uteri, thyroid and blood, and a lower relative risk for cancers of the colon, skin, breast, testes, cervix uteri, bladder (especially males), and lymph nodes. A relatively similar profile of cancer distribution and relative risk was observed among American-Samoans and Anglos diagnosed with cancer in California. Conclusions. The data provide baseline information which has important implications for future cancer control research and prevention in this population.
Samoa. American-Samoans began migrating to Hawaii and the US mainland in the 1920s, but the greatest influx occurred in the 1950s with the end of the US naval administration in American Samoa. 3 AmericanSamoans have migrated to Hawaii and the US mainland primarily in search of better educational, economic and employment opportunities.
In this report, we provide some of the first data on the incidence and relative risk of cancers among American-Samoans. We present data on age-adjusted, site-specific relative risk of cancers among AmericanSamoans in Hawaii and the US mainland (Los Angeles County, CA), and compare the same between AmericanSamoans, Hawaiians, and non-Hispanic Whites (hereafter referred to as 'Anglos').
METHODS

Sources of Data
The statistics provided below come from the Los Angeles County/University of Southern California Cancer Surveillance Program (CSP) and the Hawaii Tumor Registry.
Los Angeles County/University of Southern California
Cancer Surveillance Program. The CSP, a populationbased cancer registry, obtains information on all incident cancer patients within the geographical boundaries of the county. The CSP uses both passive and active cancer surveillance systems. The passive system, mandated by the State of California, requires hospitals and other facilities where cancer is diagnosed or treated to bear the responsibility for identifying, abstracting, and reporting cancer cases. Abstracting is computerized, using a software package that allows direct abstracting of patient data onto a microcomputer. State regulations require that data on each patient be sent to the regional registry within 6 months of the patient's hospital admission. Three standards are used to identify AmericanSamoans with cancer: Samoan surnames, country of origin and an ethnic identifier. Whites are divided into 'Spanish-surnamed' Whites and 'non-Spanishsurnamed' Whites (herein referred to as 'Anglo') using detailed surname lists prepared by the Bureau of the Census for 1970 and 1980. CSP classifies each cancer diagnosis as to site and histologic groupings based on topographic and morphologic codes of the International Classification of Diseases for Oncology. Qualitycontrol standards require that identification of cancer cases be 97% complete, and that 95% of submitted records pass a series of computerized edits with no more than 1% of records failing any single edit. In addition to the passive system, the CSP provides active surveillance by sending a field technician to the 140 medical facilities in which microscopic verification of cancer occurs to screen all haematology and pathology reports and to collect a copy of each that describes a previously undiagnosed cancer. The CSP has provided data for the period 1972-1989.
Hawaii Tumor Registry. The State of Hawaii maintains a tumour registry funded primarily by the Department of Health and a Surveillance, Epidemiology and End Results (SEER) contract. The Hawaii Tumor Registry is a population-based, multiple ascertainment source, active surveillance system serving all of the state. Similar to the CSP in California, the registry maintains a database of information on all cases of cancer diagnosed in the state. Strict quality control procedures are in place, including review of collaborating hospital abstracts for accuracy and completeness and participation in two SEER quality control audits each year. The Hawaii Tumor Registry uses methods similar to those used by the CSP to identify American-Samoans with cancer and has provided data for the period [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] .
Data Analysis
For bivariate analyses, we cross-tabulated site-specific cancers by sex and ethnicity (American-Samoan, Anglo and Hawaiian). For multivariate analyses, we used logistic regression methods to estimate the likelihood of the risk of a particular cancer being associated with American-Samoan ethnicity. Logistic regression analyses result in odds ratios (OR) which refer to the odds (or likelihood) of the respondents (in this case American-Samoan men and women compared with Anglo men and women in Los Angeles, CA; and compared with Hawaiian and Anglo men and women in Hawaii) having the risk for a particular cancer. We conducted these analyses after adjusting for the effects of age on the risk of a particular cancer. The age categories for age-adjustment were 0-34, 35-44, 45-54, 55-64, 65-74 and 75+ for all cancer sites except leukaemia. For this site, the youngest age group had three categories, 0-14, 15-24, and 25-34.
RESULTS
Site-Specific Incidence
Los Angeles County. For American-Samoan men, lung cancer was the most common cancer type accounting for about 26% diagnosed. Cancers of the prostate (13.3%), stomach (7.8%), blood (6.7%), liver (5.6%), and rectum (5.6%) followed lung cancer in frequency. Among Anglo men, cancers of the lung (22.7%) and prostate (16.7%) were the two most frequently diagnosed forms of the disease. Furthermore, Anglo men had a relatively higher frequency for cancer of the colon (8.9% versus 4.4% for American-Samoan men) and a relatively lower frequency of stomach (2.6%) and liver (0.8%) cancers. For American-Samoan women, breast cancer was the most common cancer diagnosed. More than one-quarter (26.8%) of the American-Samoan women with cancer had this form of the disease. Cancers of the lung (11.3%), cervix uteri (7.2%), corpus uteri (6.2%), stomach (5.2%) and blood (5.2%) followed breast cancer in frequency. With some exceptions, this distribution was similar for Anglo women. Anglo women with cancer most often had breast cancer (27.7%), followed by cancers of the lung (12.3%), colon (9.7%) and corpus uteri (8.4%). Compared with Anglo women, AmericanSamoan women had a relatively higher incidence of cancers of the cervix uteri, blood and stomach, and a lower incidence of colon cancer.
Logistic regression analyses (Table 2) revealed that after controlling for the effects of age on the risk of a particular cancer, American-Samoan men had significantly higher risk for five forms of cancer than Anglo The odds ratios (OR) are age-adjusted and refer to the odds (or likelihood) of respondents having the risk for a particular cancer For instance, American-Samoan women compared with Anglo women were 10.5 times more likely to be at risk for cancer of the nasopharynx. CI indicates confidence intervals. ' P < 0.05, "P < 0.01, '"P < 0.001.
men: cancers of the nasopharynx (OR: 10.1, CI : 2.5^11.7, P < 0.01), stomach (OR : 3.4, CI : 1.6-7.3, P < 0.01), liver (OR : 7.7, CI : 3.1-18.9, P < 0.001), gallbladder (OR : 4.6, CI : 1.1-18.8, P < 0.05), and multiple myeloma (OR : 3.6, CI : 1.1-11.3, P < 0.05). American-Samoan women had significantly higher risk for four forms of cancers than Anglo women: cancers of the nasopharynx (OR : 10.5, CI : 1.4-76.7, P < 0.05), stomach (OR : 4.9, CI : 2.0-12.2, P < 0.001), liver (OR : 6.2, CI : 1.5-25.2, P < 0.05), and multiple myeloma (OR: 6.4, CI: 2.3-17.4, P < 0.001). They also had elevated risks of leukaemia and invasive cervical cancer that were not statistically significant.
Hawaii. We compared the frequency distribution of cancers by site between Anglo, any-part Hawaiians, and any-part American-Samoans (with no Hawaiian lineage). Between 1981 and 1990, the Hawaii Tumor Registry identified 228 and 215 incident cancers, respectively, among American-Samoan men and women (Table 3 ). The most common cancer among AmericanSamoan men was lung cancer (23.3%), followed by cancers of the prostate (18%), stomach (7.5%), blood (7%) and liver (6.1%). Furthermore, compared with Hawaiian men American-Samoan men had a relatively lower frequency for cancers of the colon and rectum and a relatively higher frequency for cancers of the liver and prostate. American-Samoan men compared with Anglo men had a relatively lower frequency for cancers of the colon, skin and bladder and a higher frequency for cancers of the lung and liver. The most common cancer among American-Samoan women diagnosed in Hawaii was breast cancer (21.9%), followed by cancers of the corpus uteri (10.3%), blood (8.8%), cervix uteri (8.4%) and thyroid (8.4%). Compared with Hawaiian women, American-Samoan women with cancer were relatively less likely to have cancers of the breast, lung and colon, and relatively more likely to have cancers of the thyroid, blood and liver. American-Samoan women compared with Anglo women were relatively less likely to have cancers of the colon, lung, skin, breast and relatively more likely to have cancers of the stomach, liver, blood, thyroid and corpus uteri. Compared with Anglo women, American-Samoan women diagnosed with cancer in Hawaii between 1981-1990 were at a significantly higher risk for cancers of the stomach (OR : 2.6, CI : 1.2-5.4, P<0.01), liver (OR : 5.7, CI : 2.2-14.8, P < 0.001), corpus uteri (OR : 2.2, CI : 1.4-3.5, P < 0.001), thyroid (OR : 2.8, CI : l.7^t.7, P < 0.001), and blood (OR : 3.1, CI: 1.9-5.1, P < 0.001) and were at a significantly lower risk for cancers of the colon (OR : 0.2, CI : 0.1-0.7, P < 0.01), skin (OR : 0.1, CI: 0.0-0.5, P < 0.01), breast (OR : 0.7, CI : 0.5-0.9, P < 0.05), and cervix uteri (OR : 0.5, CI: 0.3-0.8, P < 0.01). In addition, compared with Hawaiian women, American-Samoan women were at a significantly higher risk for cancers of the liver (OR : 5.3, CI: 1.9-15.3, P<0.01), thyroid (OR : 2.0, CI: 1.2-3.4, P < 0.01), and blood (OR : 1.9, CI: 1.1-3.2, P < 0.05) and at a significantly lower risk for cancers of the lung (OR : 0.5, CI: 0.3-0.9, P < 0.05) and breast (OR : 0.6, CI: 0.5-O.9, P < 0.01).
DISCUSSION
Summary and Qualifications
The cancer data presented here provide preliminary baseline information on the age-adjusted, site-specific incidence and relative risk of cancers among AmericanSamoans. Despite similarities in the relative frequencies of most cancers, there are some notable differences in the distribution and relative risks of cancers between the Polynesians (American-Samoans) and Europeans (non-Hispanic Whites), and between the two Polynesian (American-Samoans and Hawaiians) groups. AmericanSamoans compared with their European counterparts in Hawaii and the US mainland were characterized by higher age-adjusted, site-specific relative risk for cancers of the nasopharynx, stomach, liver, gallbladder, lung (especially in males), thyroid, corpus uteri, and for leukaemia (especially in females) and multiple myeloma. They had a lower relative risk for cancers of the colon, bladder and cervix. In addition, compared with their Polynesian counterparts (the Hawaiians) in Hawaii, American-Samoans had higher site-specific relative risk for cancers of the nasopharynx, liver, testes, prostate, thyroid, and for leukaemia; and lower relative risk for cancers of the colon, rectum, lung (especially in females) and breast.
The paucity of reliable cancer-related risk factor data for American-Samoans precludes the attribution of the differences in the relative risk of cancers. In an attempt to explain the differences in the relative risk of cancers, however, it will be important to include the effects of modernization and migration on lifestyle and practices such as tobacco and alcohol use; environmental and occupational exposures to toxins; nutritional habits; preventive behaviour and health practices; sexual practices; and age of menarche and fertility. Furthermore, an exploration of the traditional Samoan way of life may provide clues to the differences in the sitespecific relative risk of cancers.
The higher relative risk of lung cancer among American-Samoan males is certainly associated with cigarette smoking, a European habit widely adopted in Polynesia. Although there is little information on the duration of smoking behaviour, level of consumption, gender differences, and effects of modernization and migration on smoking behaviour, there is some evidence to suggest that cigarette consumption is increasing among American-Samoans. 4 This is especially true for American-Samoans who have migrated to Hawaii compared to those on the US Territory. Furthermore, among American-Samoans on the US Territory, the level of 'modernization' was directly related to cigarette consumption, with more 'modernized' AmericanSamoans consuming more cigarettes than the more 'traditional' American-Samoans. Besides cigarette smoking, a lower vitamin A content of the traditional Samoan diet 5 could also contribute towards a higher incidence of lung cancer not attributed to cigarette consumption. There is some evidence of a protective role for vitamin A against lung cancer. The higher relative risk for nasopharyngeal cancer among American-Samoans compared with both Hawaiians and Anglos remains a poorly understood phenomenon. Lifestyle factors such as tobacco and/or alcohol use, consumption of salted fish, and infection with Epstein-Barr virus (EBV) have been implicated as possible risk factors for nasopharyngeal cancer. 7 As discussed above, tobacco use in the form of cigarette smoking is on the increase among American-Samoans; and, in addition, there is some evidence to suggest a high consumption of salted fish. 3 There is, however, no data on the prevalence of alcohol use and EBV infection rate. These risk factors in the aetiology of cancer of the nasopharynx need to be explored further.
There are striking differences in the relative risk of gastrointestinal (stomach, colon and rectum) and liver cancers between American-Samoans and both Hawaiians and Anglos. American-Samoans have a higher relative risk for cancers of the stomach and liver and lower relative risk for cancers of the colon and rectum. The traditional Samoan diet consisted largely of breadfruit, bananas, taro, coconut and reef resources (fish). Recent modernization and migration has changed this traditional diet to include items such as pork, chicken and canned foods. Preliminary evidence suggests that the changes in consumption patterns have led to certain nutritional deficiencies among American-Samoans. Calcium, iron and thiamine deficiencies are most pronounced among more modernized American-Samoans compared with those less likely to be exposed to nontraditional diets. 5 The excess risk for stomach cancer among American-Samoans may be attributed to their greater consumption of preserved fish and meats, the reduced intake of ascorbic acid, and a lack of protein.
The higher relative risk for liver cancer among American-Samoans is consistent with the greater prevalence of hepatitis B virus positivity in sera from American-Samoans. 1 The lower relative risk for cancers of the colon and rectum is typical of the pattern seen in non-industrialized societies and may not be attributable to dietary differences. 8 Further research is necessary to document the nutritional patterns of American-Samoans to uncover possible explanations for the differences in the relative risks for cancers of the stomach, colon and rectum.
Other cancers that are encountered more commonly among American-Samoans include cancers of the thyroid and corpus uteri, leukaemia and multiple myeloma. Cancer of the thyroid is particularly common in Pacific populations.
9 American-Samoans, especially the females, have a significantly higher relative risk for cancer of the thyroid compared with both Anglos and Hawaiians. Although American-Samoan females have a lower relative risk for cancer of the cervix uteri, they have a significantly higher relative risk for cancer of the corpus uteri, a cancer that is presumably more common in the developed than developing world. Furthermore, American-Samoans (especially the females) have a much higher relative risk for leukaemia than both Anglos and Hawaiians. A higher than average risk for acute myeloid leukaemia has been documented among certain Pacific populations such as the Maoris and Hawaiians. 10 The reasons for the high relative risk for cancers of the thyroid and corpus uteri, and for leukaemia and multiple myeloma are not clear and need to be further explored.
Some important caveats must be kept in mind when interpreting the data presented in this report. First, there is uncertainty about the completeness of the data due to incomplete registration of cancers. Second, the relatively small humber of American-Samoans in Los Angeles County and in Hawaii, coupled with an even smaller proportion of them diagnosed with cancer, makes inferences based on cancer statistics somewhat tenuous. Third, the data lack a reliable denominator. Until the 1980 and 1990 Censuses, there was no systematic assessment of the number of American-Samoans on the US mainland and in Hawaii. Despite the recent inclusion of AmericanSamoans in the census enumeration, considerable doubt remains about the completeness of the census enumeration, thus precluding accurate denominator data. Finally, cancer registration is complicated by the frequent movement of American-Samoans.
Implications
The cancer data presented on American-Samoans in this report provide some basis for development of public health intervention programmes and provide direction for future research. Public health implications are readily apparent based on higher relative risk of American-Samoans for some readily preventable cancers such as cancer of the lung and liver. For instance, cigarette smoking constitutes one of the most readily preventable risk factors. Vigorous anti-smoking public health campaigns that specially target AmericanSamoans may translate into lower levels of cancers of the lung, larynx and that proportion of cancers of the oropharynx, bladder, kidney and pancreas attributable to cigarette smoking. Another preventable cancer is that of the liver. Vaccinations against hepatitis B virus may reduce the incidence and relative risk for liver cancer among American-Samoans. Furthermore, systematic early detection programmes against cancers of the cervix, breast and prostate that target susceptible American-Samoans may reduce the mortality from these commonly encountered cancers.
The lack of reliable cancer data presents numerous research opportunities. First, there is a need to develop appropriate and reliable enumeration methods to ascertain the number of American-Samoans in Hawaii and the US mainland. Second, there is a need for appropriate sampling techniques to identify hard-to-find American-Samoans in Hawaii and the US mainland for baseline, prevention and intervention research studies. Third, there is a need for reliable cancer registration mechanisms within the Department of Public Health in the US Territory of American Samoa. Fourth, there is a need to design research studies to understand the nutritional practice of American-Samoans on the US Territory, and the changes (if any) in the nutritional patterns following their migration to Hawaii and the US mainland. Fifth, research should focus on factors that may help explain the higher relative risk for cancers of the thyroid, nasopharynx and corpus uteri, and for leukaemia and multiple myeloma; and the lower relative risk for cancers of the colon and rectum.
In conclusion, much remains to be learned about the cancer control needs of American-Samoans. Their relative homogeneity, migratory patterns, exposure to new lifestyles and adherence to traditional norms provide numerous opportunities for research, prevention and control.
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